Attention deficit hyperactivity disorder (ADHD) is one of the most common neurodevelopmental disorders, with an estimated worldwide prevalence of approximately 5% in school-age children.
I NTRO D U C TIO N
Attention deficit hyperactivity disorder (ADHD) is one of the most common neurodevelopmental disorders, with an estimated worldwide prevalence of approximately 5% in school-age children. (1) It is characterised by developmentally inappropriate symptoms of inattention, hyperactivity and/or impulsivity, with the onset before the age of seven years. (2) Sleep problems are a prominent feature in children with ADHD. (3) (4) (5) (6) (7) Based on parental reports, sleep-related problems such as sleep-related breathing disorder (SRBD) and restless legs syndrome were more often reported in children with ADHD than in control children. (3) (4) (5) (6) (7) Using polysomnography and actigraphy, disturbances in sleep architecture can be found in ADHD children. However, there is no specific pattern of disturbance related to ADHD. (8) Recently, Scott et al showed that shorter sleep duration and sleep disturbances appear early and predate the usual age of clinical diagnosis in children with ADHD, (9) suggesting the importance of understanding the role of sleeprelated behaviours in the early prediction of ADHD. Sadeh et al suggested that possible underlying involvement of sleep disorders or insufficient sleep should be considered when performing diagnostic procedures in children suspected to have ADHD.
While there is a wealth of studies on sleep patterns in children with ADHD, few studies focused on nonclinical samples of preschoolers or early school-age children, or investigated the direct link between sleep-related phenomena and the cardinal features of ADHD (e.g. inattention and hyperactivity/ impulsivity). In addition, most of the existing studies on this topic have been limited to Western populations, whereas only a few studies on Chinese children have been reported. In school-age Chinese children, sleep-disordered breathing problems, daytime inadvertent napping and sleep schedules were found to be linked to ADHD-related symptoms. (10) The aim of this study was to examine the association between sleep-related behaviours and the cardinal features of ADHD in a nonclinical sample of six-year-old Chinese boys. This sample was selected based on emerging evidence supporting a dimensional view of ADHD, suggesting that ADHD symptoms lie on a continuum. (11) If indeed sleep problems identified in studies with extreme samples (i.e. normal vs. ADHD subjects) are directly associated with these cardinal features of ADHD, then we could expect this relation to hold across a continuum defined by inattention and/or hyperactivity/impulsivity.
As the study of ADHD in young children is in part constrained by the relative lack of opportunity for the observation of such behaviours in a controlled environment such as a school set- METHODS All participants were recruited via advertisements and screened for eligibility through a telephone interview prior to an onsite visit. The maternal reports of the Conners' Parent Rating Scale (CPRS) and Pediatric Sleep Questionnaire (PSQ) were acquired from 110 Chinese preschoolers aged six years. Regression models were used to examine the association between CPRS and PSQ scores.
RESULTS
The results obtained from regression models on the CPRS and PSQ scores of the 110 participants showed that none of the sleep-related behavioural measures (i.e. sleep-related breathing disorder [SRBD], snoring, daytime sleepiness, restless legs syndrome) was associated with inattention in our sample. However, worse SRBD was associated with higher hyperactivity.
appear to be more compliant and less disruptive when they are with their fathers than with their mothers. (14) The short form of the CPRS, which consists of 27 items concerning a variety of childhood behavioural problems, (15) was used in this study. Mothers were asked to rate each item according to their child's behaviour over the last month on a 
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RESULTS
In our sample, the range of the CPRS inattention score was 41.5-81.6 and the range of the CPRS hyperactivity/impulsivity score was 42.5-87.8. Out of the 110 boys, 5 had a CPRS inattention score > 65 (clinical cut-off) and 22 had a CPRS hyperactivity/ impulsivity score > 65 (clinical cut-off). Using the whole sample (n = 110), regression analysis revealed that none of the four sleep scales was associated with the CPRS inattention scale (Table I) . However, a greater SRBD score was significantly associated with a higher CPRS hyperactivity/ impulsivity score (p < 0.005). Greater sleepiness during daytime was significantly associated with a lower CPRS hyperactivity/ impulsivity score (p = 0.049; Table I ). To determine whether sleep scales are uniquely related to ADHD features, further regression analysis showed that none of the four sleep scores was associated with the CPRS opposition score (Table I) .
Repeat regression analysis after excluding the five boys with a CPRS inattention score > 65 similarly revealed no relationship between the four sleep scales and the CPRS inattention score (p > 0.05). Moreover, on excluding the 22 subjects with a CPRS hyperactivity/impulsivity score > 65, repeat regression analysis again showed the same significant relationship between the SRBD score and the CPRS hyperactivity/impulsivity score (p = 0.032).
However, the significant relationship between daytime sleepiness and the CPRS hyperactivity/impulsivity score was no longer seen in this subgroup (p = 0.532).
DISCUSSION
Although a wealth of studies has conveyed the consensus that parents of children with ADHD are more likely to report sleep problems in their children than parents of control children, (8, (17) (18) (19) such research is limited to the Western population. To the best of our knowledge, our study is the first to report the relationship between sleep-related behaviours and the cardinal features of ADHD in a Chinese population. Unlike existing studies that focused on extreme samples (i.e. normal vs. ADHD subjects), (8, (17) (18) (19) (20) our study investigated such a relationship in a normal sample of male preschoolers, revealing that a worse SRBD score was associated with a higher level of hyperactivity/impulsivity. This underpins the importance of understanding the relationship between sleep-related behaviours and ADHD characteristics before the usual age of clinical diagnosis in children with ADHD.
In our nonclinical sample, we found a significant association between SRBD and hyperactivity/impulsivity, which is consistent with previous reports in clinical samples with ADHD had more difficulties in breathing during sleep as compared to normal children. (22) Other studies have also reported that sleep-disordered breathing was associated with behavioural problems, in particular hyperactivity and ADHD. (19, 23) Ali et al suggested that up to one-third of all children with sleep-disordered breathing show significant hyperactivity. (24) The same authors also found that children with ADHD who had undergone adenotostillectomy for sleep-disordered breathing showed improvement in inattentive and hyperactive behaviours. (25) However, the association between sleep-disordered breathing and hyperactive behaviour is found not only in children with ADHD, but also in those with mild hyperactive behaviours (21) and in nonclinical samples, as shown in our study. There were several strengths in this study. First, to the best of our knowledge, this is the first study reporting the relationship between sleep and the cardinal features of ADHD in normal preschool Chinese children. Second, even though our sample size was relatively small, our study results were derived only from boys within a narrow age range. As the clinical picture of ADHD changes with age, some of the manifestations of ADHD (e.g. hyperactivity) decrease or even disappear in some children as they grow older, while more than 50% of children with ADHD grow up to become adults with significant ADHDrelated symptoms. (12) Since childhood is a critical developmental period, restricting the age range of participants in the study was important. Moreover, ADHD, which is more prevalent in boys than in girls, has clinical manifestations that differ between boys and girls. (5, 12, 13, 32) Hence, potential moderation effects due to age and gender were minimised in our study. In conclusion, this study presents the association of sleeprelated behaviours and cardinal features of ADHD in a nonclinical
Chinese sample. Together with existing evidence derived from clinical ADHD samples, our findings suggest that RLS may occur in a select group of children with more severe ADHD symptoms and that SRBD occurs across the entire spectrum of hyperactivity from the preclinical stage of ADHD.
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